Intro to sequencing

Introduction to systems biology
13t February 2013

Rachita Yadav



Agenda

* Sequencing

* Technique

e Data files and formats
e Data analysis

 Introduction to exercise |

2/12/13 Rachita Yadav




Sequencing



Sequencmg

Sequencing is decoding of the order of bases in DNA or RNA molecules

Strand o be sequenced

* Human genome has 3 billion base pairs.

« We are 99.9% identical, but the 0.1% differenceis ~GTCCGCG CAGGCTCGG
important in affecting our susceptibility to
diseases and responsiveness to medication.

* The 0.1% difference comes in many forms such as Single Nucleotide Polymorphisms
(SNPs), Insertions, Deletions, Translocations etc.

 Sequencing humans (and a large number of them) will help us
develop better therapies for some of the common and life
threatening diseases.

e Sequencing animals and plants will enable us to better utilize
them to meet the ever growing demand for food and energy.
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Types of sequencing

* 1st generation

— Sequenced individual clones, long continuous reads (>800
nucleotides)

 2nd generation ™~ next generation sequencing
— Seqguence up to tens of thousands of molecules in parallel
— Shorter read length (~25-700 nucleotides)

* 3rd generation
— Longer read length
— Sequencing a human genome in three minutes
— Price of a human genome for $5,000
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Next Generation Sequencing — Applications

Category

Examples of applications

Complete genome resequencing

Reduced representation sequencing
Targeted genomic resequencing
Paired end sequencing
Metagenomic sequencing

Transcriptome sequencing

Small RNA sequencing
Sequencing of bisulfite-treated DNA

Chromatin immunoprecipitation—
sequencing (ChIP-Seq)

Nuclease fragmentation and
sequencing

Molecular barcoding

Comprehensive polymorphism and mutation discovery
in individual human genomes

Large-scale polymorphism discovery

Targeted polymorphism and mutation discovery
Discovery of inherited and acquired structural variation
Discovery of infectious and commensal flora

Quantification of gene expression and alternative
splicing; transcript annotation; discovery of transcribed
SNPs or somatic mutations

microRNA profiling

Determining patterns of cytosine methylation in
genomic DNA

Genome-wide mapping of protein-DNA interactions

Nucleosome positioning

Multiplex sequencing of samples from multiple
individuals
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Technique



Steps of next generation sequencing !

L
EE.
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Technique
Library preparation

Isolate molecule of interest

Digest molecule

A-tailing: prevents self-ligation and ligation to other

fragments

Adaptor ligation for PCR amplification and sequencing
5. Amplify library

Size-selection

http://seq.molbiol.ru/sch_lib_fr.html
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digestion

Adaptor
ligation

Cize-selection and
preamplification




1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

Roche (454) GSFLX Workflow:
Library construction Emulsion PCR

/

7

Randomly fragment genomic DNA Bind single-stranded fragments randomly to Add unlzbeled nudeotides and enzyme to
and ligate adapters to both ends of the the inside surface of the flow cell channels. initiate solid-phase bridge amplification.
fagments.

4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIFICATION
STRANDED MOLECULES

o b Sulfurylase
- M
ONA capture bead Hlicierass
contaming millions
of copies of a single
clenally amplified
fragmenl

Pyrosequencing reaq |

Elaine R. Mardis, Trends in Genetics,

2 O O 7 build double-stranded bridges on the sofid- chored to the sub stranded DNA are genersted in each channel
phase substrate. of the flow cell.
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Technique
2nd generation seqg

spots of DNA
being sequenced

cross-section through flow cell at third cycle
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2nd generation sequencing
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Data files and formats



Read Terminology

— Reads generated from sequencing one end of the
fragment of interest

— Reads generated from sequencing both the ends of the
fragment of interest
. Mate pair library — Generated by circularizing 2-5 kb DNA fragment.

— FASTA is a standard text format for storing sequence
information, in which base pairs are represented using single-letter codes.
The format also allows for sequence names and comments to precede the
sequences. FASTQ is similar to FASTA with the addition of quality scores

for the bases.
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FASTQ format

A FASTQ file normally uses four lines per sequence.

Line 1 begins with a '@' character and is followed by a sequence identifier and
an optional description.

Line 2 is the raw sequence letters.

Line 3 begins with a '+' character and is optionally followed by the same
sequence identifier (and any description) again.

Line 4 encodes the quality values for the sequence in Line 2, and must contain
the same number of symbols as letters in the sequence.

A minimal FASTQ file might look like this:

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

+

1R (%% +)) % %%++) (%% %%) . 1***-+*"") ) ¥*55 CCF>>>>>>CCCCCCCH5

* The quality scores are represented by ASCII characters.
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In Sanger format, the quality scores are offset by 33 (quality score of 1 to 93 translates to 33 to 126)
In lllumina format, depending on the version of pipeline software used, the quality scores are offset by 64, 66 or 33
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Data analysis



Workflow of analysis

Quality control Trimming Quality control

Alignment

ARRotate SINE
lnaels
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Files as in system:

Paired-end sequencing
e Each fastq file contains ~95,000,000 lines
* File suffixes( 1 & 2) show they have
corresponding reads.
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Quality Check

Base quality . .
Before trimming

Sequence length

K-mers repeats

ATGC ratio

Occurrence of reads
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Trimming

* Remove bad quality reads

e Parameters

— Minimum length of reads

— Quality threshold
e Quality score =-10*log10(Error rate)

The Relationship Between Quality Score and Base Call Accuracy

Probability of Incorrect Base
uality Score a nferre ase Ca ccuracy
lity S Call Inf dB Call A

10 (Q10) 1in 10 90%

1in 1000
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Quality Check

Per base sequence quality

Before trimming After trimming
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Alignment

* Reference based:
— Reference genome
— Annotations for the genome

* De-novo:

— New genome (ex. Model organisms) and new
discoveries.

— |terative process.
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Reference mapping

Reference Sequence
——— —  —

Mapping
—_—

GTTAQGACCTTC I I

ITARGACCAT-GA Gene | Gene 2 Gene 3

SNP Discovery Expression Profiling Small RNA Discovery

Read mapping and its applications. Mapping programs are widely used to align
reads to a reference while allowing some flexibility in terms of mismatches and

indels and a policy for handling ambiguous matches
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Coor 12345678501234 b5678901234567890123456789012345
ref AGCATGTTAGATAA#»CATAGCTGTGCTAGTAGGCAGTCAGCGCCAT

+r001/1 TTAGATAAAGCGATA*CTG

+r002 aaaAGATAA+=GCGATA

+r003 gectaAGCTAA

+r004 ATAGCY . .cccvicennass TCAGC

s S - c Alignment/Map)
Orma IS a generlc @HD VN:1.3 SO:coordinate

QSQ SN:ref LN:45

nUCIGOtide Sequen @ 001 163 ref 7 30 8M2I4M1D3M

37 39 TTAGATAAAGGATACTG =»

r002 0 ref 9 30 3SEMIP1I4M + O O AAAAGATAAGGATA  *

. r003 0 ref 9 30 5HEM « O O AGCTAA + NM:i:1
blna ry fO rmat Of S A\ 004 0 ref 16 30 6MI4NSM + O O ATAGCTTCAGC N
r003 16 ref 29 30 6HEM « 0 O TAGGC + NM:i:0

r001 83 ref 37 30 9M = 7 -39 CAGCGCCAT .

Col Field Type Regexp/Range Brief description
1 QNAME String ['-?A-"]{1,255} Query template NAME
2 FLAG [nt [(0,2'%~1] bitwise FLAG
3 RNAME String \=|['-O+-<>-"][!-"]= Reference sequence NAME
|  POS Int [0,2%"-1] 1-based leftmost mapping POSition
5 MAPQ Int [0,27~1] MAPping Quality

6 CIGAR String \=|([0-9]+[MIDNSHPX=])+ CIGAR string
7  RNEXT String \#|=|[!1=()+=<>="][!'="]* Ref. name of the mate/next segment

8 PNEXT Int [0,2'“‘-1] Position of the mate /next segment
9 TLEN Int [-2%7+1,2%7-1] observed Template LENgth
10 SEQ String \*|[A-Za-z=.]+ segment SEQuence

11 QUAL String ['="]+ ASCII of Phred-scaled base QUALity+33




Alignment terms

— A metric that represents how well a read maps to the
reference genome (e.g. for a read of 100 bases, if it matches to the
reference with 2 mismatches, the alignment score is 98).

— A metric that indicates HOW a read maps to the reference
(e.g. 98M2m means that a read of 100 bases matches to the reference
with 98 matches [M] and 2 mismatches [m]).

— A measure of the confidence that a read actually
comes from the region it is aligned to by the alignment algorithm. A
multiply mapping read has a low mapping quality and a uniquely mapping
read has a high mapping quality.

— Reads that align to more than one location on
the reference genome (either due to less stringent alignment criteria or
due to repeats in the genome)
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Alignment filtering/Visualization

Filterin

(Human (b37) ( F#) [11:100,898,591-100,927,195 o BN E v &

pi54 pi53 pld3 pldal pl3 pl12 pli2 pl1l1l ql21 ql23 qi3. ql3i4 ql4.1 q q q22.] q22.3 q23.1 q q24.1

28 kb
100,300 kb 100,910 kb 100,920 kb
| | |

G4 _high_timpl.bam Cov|
erage

G4_high_timpl.bam
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Alignment with reference genome

— No. of times a particular base in the fragment of interest is
read. An avg read dept of 20X means that in a particular dataset on an
average a base has been sampled 20 times.

— No. of bases of a genome that are sequenced (e.g. Out of the 3
bn human bases if one sequences 30 million bases then the coverage
would be 30 Mb).
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Post-alignment analysis

b4
p |

Filter out bad aligned reads

= Comparative genomics

» |dentify disease-causing variations

2/12/13 Rachita Yadav 28



Introduction to exercise



Data

* Exome sequencing data

 Paired end reads

* Breast cancer cell line
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BRCAZ2: One of the most common germ line
mutation

A common variant in BRCAZ is associated with both
breast cancer risk and prenatal viability

Catherine S. Healey'*, Alison M. Dunning'*, M. Dawn Teare?, Diana Chase*, Louise Parker®, John Burn®,
Jenny Chang-Claude’, Arto Mannermaa®, Vesa Kataja®, David G. Huntsman!?, Paul D.P. Pharoah!, Robert N.

Luben®, Douglas F. Easton? & Bruce A.J. Ponder!

*These authors contributed equally to this work.

Inherited mutations in the gene BRCAZ predispose carriers to
early onset breast cancer, but such mutations account for fewer
than 2% of all cases in East Anglia. It is likely that low penetrance
alleles explain the greater part of inherited susceptibility to
breast cancer; polymorphic variants in strongly predisposing
genes, such as BRCA2, are candidates for this role. BRCA2 is
thought to be involved in DNA double strand break-repair’-2.
Few mice in which Brca2 is truncated survive to birth; of those
that do, most are male, smaller than their normal littermates and
have high cancer incidence®*. Here we show that a common
human polymorphism (N372H) in exon 10 of BRCAZ confers an
increased risk of breast cancer: the HH homozygotes have a 1.31-
fold (95% Cl, 1.07-1.61) greater risk than the NN group. More-
over, in normal female controls of all ages there s a significant
deficiency of homozygotes compared with that expected from

Hardy-Weinberg equilibrium, whereas in males there is an excess
of homozygotes: the HH group has an estimated fitness of 0.82
in females and 1.38 in males. Therefore, this variant of BRCA2
appears also to affect fetal survival in a sex-dependent manner.

In an initial study to investigate whether common BRCAZ2 variants
alter the risk of breast cancer in the general population, we carried
out an association study on six BRCAZ2 polymorphisms identified
through the BIC database (http://www.nhgri.nih.gov/Intra-
mural_research/Lab_transfer/BIC; Table 1). The genotype distrib-
utions of both the exon 10 N372H and the 5° UTR a-26g
polymorphisms approached significant differences between cases
and controls in our initial hypothesis-generating study. We thus
restricted studies in further case-control series to confirmation of
these observations, however, only the N372H findings were con-
firmed. N372H is the sole BRCAZ variant resulting in an amino
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Workflow of analysis

Quality control Quality control

Alignment
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Analyze Data Workflow Shared Data  Visualization Help

We will be performing various network changes over the next few days that may cause brief downtime. If you experience problems for an extended amount of time, please contact the Galaxy Team for help.

Options +

Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

oin, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genol Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
Human Genome Variation
Genome Diversity

NGS: QC and manipulation
NGS: Mapping
NGS: SAM Tools

NGS: Peak Calling
NGS: RNA Analysis
NGS: Picard (beta)

SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots
SNP/WGA: Statistical Models

Workflows
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Galaxy 101

The very first tutorial you need

Live Quickies

Advanced fastQ
manipulation:

Basic fastQ
manipulation:

Mapping against
ustom genome

lllumina mapping:
Single Ends

lllumina mapping:
Paired Ends

Job in queue
Job running

Job finished

454 Mapping:
Single End

Galaxy is an open, web-based platform for data intensive biomedical research. Whether on this free public server or your own instance, you can perform, reproduce, and share complete analyses. The Galaxy team is a part of

BX at Penn State, and the Biology and Mathematics and Computer Science departments at Emory University. The Galaxy Project is supported in part by NSF, NHGRI, The Huck Institutes of the Life Science

CyberScience at Penn State, and Emory University.

Calaxy build: SRev 6718:ala7bc41df01$§
-
¥ galaxyproject

galaxyproject New usegalaxy.org users who check "Subscribe to a mailing list® are now added to galaxy-announce list, not high-volume galaxy-user.
yesterday - reply - retweet - favorite

The Institute for

genetics_blog If looking through the #AGBT tag is too daunting, @pathogenomenick is doing a fine job summarizing at pathogenomics.bham.ac.uk/blog/. Thank you sir

yesterday - reply - retweet - favorite

galaxyproject MACS 1.4 (ChIP-Seq peak calling) now available in Galaxy Tool Shed (Main has 1.0.1) bit.ly/gxyshed #usegalaxy
yesterday - reply - retweet - favorite

more ...

This is a free, public, internet accessible resource. Data transfer and data storage are n.
before uploading it to any public site, including this Galaxy server. If you have protecte
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e way your research data can be stored and used, please consult your local institutional review board or the project P
r short deadlines you are encourage

setup your own local Galaxy instance or run Galaxy on the cloud.

History Options +

5: Map with Bowtie for lllumina ® J $§
on data 2 and data 1: mapped reads

4: FastQC 2.html ® R

3: FastQC Lhtml @ R

2 ® R

01225 1260 FCBOPDAABXX L1 HUMiug
XAAPEW trimmed reads chrl3 2.fq

x @R
101225 1260 FCBOPDAABXX L1 HUMiug
XAAPEW trimmed reads chrl3 1.fq




